. Generally, seed coating did not affect seedling emergence negatively when irrigated with saline water. During fall, perennial ryegrass exhibited fastest emergence under both saline and potable irrigation and bermudagrass was the only grass to show greater emergence when irrigated with saline water. Perennial ryegrass and tall fescue were the fastest to emerge in spring, regardless of seed coating or water quality. Seed coating delayed early establishment (less than 50% coverage) but did not affect days to reach 95% coverage (DAS95). Bermudagrass and seashore paspalum required the most DAS95 when seeded in the fall; however, bermudagrass needed fewest DAS95 when seeded in the spring. All grasses established faster when seeded in spring compared with fall. Fall-seeded perennial ryegrass and kentucky bluegrass required similar DAS95, whereas kentucky bluegrass seeded in spring was slower to reach 95% coverage than perennial ryegrass. Saline water had no effect on establishment when grasses were sown in fall. Surprisingly, grasses established in spring and irrigated with saline water reached 95% coverage 26 days faster than plots irrigated with potable water. Moreover, the growing degree-day model used in this study did not produce similar values for the different air temperatures and irrigation water qualities.
Soil salinization is a growing problem throughout the world, particularly in arid and semiarid regions such as the southwestern United States, where saline and/or sodic soils are a common occurrence of irrigated lands. Saline soils can negatively affect both agricultural and landscape plants by impeding germination, establishment, growth, reproduction, and visual quality. Saline soils can be of natural origin or can become saline through the use of poor water quality for irrigation. Landscape and turfgrass irrigation have been identified as sources of high water consumption, are deemed non-essential for human living, and are considered as an unnecessary luxury. For this reason, alternative but saline water sources such as recycled water or low-quality groundwater are becoming increasingly attractive for irrigating recreational turf areas such as parks, athletic fields, and golf courses. In the southwestern United States 37% of all golf courses are currently irrigated with re-used (effluent or reclaimed) water (Throssell et al., 2009 ). This type of water is more saline than potable water (Duncan et al., 2009; Harivandi et al., 2008; Huck et al., 2000) and can contain high quantities of detrimental ions such as sodium (Harivandi et al., 2008; Marcum et al., 1998; Suplick-Ploense et al., 2002) . This poses a problem for growing and maintaining turfgrasses, especially during the germination and establishment stages (Qian and Suplick, 2001) . Capillary rise and evaporation accumulate salts on and near the soil surface, thus bringing a saline solution in contact with the seeds (Almansouri et al., 2001 ) and turf species can exhibit greater salt stress during establishment than as mature plants (Duncan et al., 2009) .
Controlled environment studies (Dudeck and Peacock, 1985; Harivandi et al., 1992) indicate that most of the cool-season grasses, with the exception of perennial ryegrass (Lolium perenne L.) and alkaligrass [Puccinellia distans (Jacq.) Parl.] , are sensitive to salinity during germination. Information on the germination of warm-season grasses under saline conditions is limited and what is known indicates a wide range of salinity tolerances among species. For example, bermudagrass [Cynodon dactylon (L.) Pers.] is one of the most tolerant grasses to salinity, whereas bahiagrass (Paspalum notatum Flüggé) is highly sensitive to increases in salinity at the germination stage (Peacock and Dudeck, 1989) .
Commercially available turfgrass seeds can be coated with materials intended to increase seed size and improve germination and establishment. Seed coatings are applied to give the seed a suitable shape and size and to add compounds that help and protect germination and establishment of the plant (Scott, 1989) . Materials such as hydrophilic polymers have been used as coatings for several years with the purpose to increase moisture around the seed, thereby increasing germination and establishment of plants (Hendrick and Mowry, 1953) . However, no such improvement in germination or establishment was observed in a study on lettuce seeds coated with polymers (Sharples, 1981) or in polymercoated Russian wild rye seeds (Berdhal and Barker, 1980) . In another study, Baxter and Waters (1986) reported lower germination and establishment of cowpea seeds coated with hydrophilic polymers compared with uncoated seeds, possibly as a result of lower oxygen levels surrounding the coated seeds. In 2006, a cornstarch coating was introduced for turfgrass seeds (Arends, 2007) , purported to improve seed water retention. The coating consists of a polymer [starch-g-poly (2-propenamide-co-propenoic acid) potassium salt], which, according to the manufacturer, absorbs water up to 400 times its own weight (Absorbent Technologies, 2006; Arends, 2007) .
Little information is available on the establishment of turfgrasses under saline conditions in general and from coated seed under saline irrigation in particular. Schiavon et al. (2012) found that bermudagrass and seashore paspalum successfully established from seed in one growing season when moderately saline irrigation water (EC = 2.3 dS · cm -1 ) was applied. However, information is lacking on the establishment of more salt-sensitive cool-season species such as kentucky bluegrass, tall fescue, and perennial ryegrass. Leinauer et al. (2010) reported that seed coating improved establishment of both warmand cool-season turfgrasses grown under unfavorable conditions such as low seeding rates or deficit irrigation. More information is needed to determine the effect of hydrophilic coatings on the emergence and establishment of turfgrasses under saline irrigation in the field. Increased water content around a coated seed could result in greater exposure to salinity, which in turn could decrease emergence and reduce speed of establishment. The objective of our study was to investigate the effects of a hydrophilic seed coating material (ZEBA Ò ) on seed emergence and establishment of cool-and warm-season turfgrasses seeded either in the fall or spring and irrigated with potable or saline water. Table 1 ; daily precipitation is shown in Figure 1 . The experimental design was a randomized complete block with water quality as whole block, turfgrasses and seeding date as whole plot (5 3 2 factorial), and seed coating as a split plot. Each individual whole plot measured 1.5 m 3 2.0 m and all treatment factors were replicated three times.
Materials and Methods

A
The soil at the site consisted of a sandy loam, a sandy skeletal mixed thermic Typic Torriorthent, an entisol typical for arid regions. The research area was converted from desert vegetation to turfgrass test plots in 2007 and main blocks had been irrigated with either potable or saline water for two years before the study. Therefore, salinity values [EC and sodium adsorption ratio (SAR)] of the root zone at depths of 0 to 10 cm in plots irrigated with saline water were slightly higher at seeding date than in plots irrigated with potable water (Table 2 ). However, soil salinity at seeding did not exhibit levels that would inhibit germination of tested grass seed . Saline water originated from a shallow saline aquifer and was pumped to the research site. The saline water is classified as high in salinity and medium for sodium hazard (C3-S2) (U.S. Salinity Laboratory Staff, 1954) and matches the salinity of recycled water used for turf irrigation in the Southwest (Duncan et al., 2009; Huck et al., 2000) . Chemical constituents in the irrigation water are listed in Table 3 . Irrigation was applied by means of a sprinkler system comprising T5 Rotors (The Toro Company, Riverside, CA) installed in each corner of a 10 m 3 10 m block and operated at 275 kPa. Irrigation amounts were calculated every Monday morning based on the previous week's cumulative ET 0 rate (Allen et al., 2005) , and plots received a daily equivalent of one-seventh of the total weekly ET 0 . Air temperature (°C) and other climate data to calculate ET 0 were collected from a weather station located at the site. Frequent audits provided information regarding irrigation uniformity and information on the amount of water distributed to each block. Sprinkler delivery rates were subsequently used to calculate irrigation run times. Plots were irrigated at 100% ET 0 during fall, winter, and spring and at 120% ET 0 during the summer months.
Toro Turf Guard sensors (The Toro Company, Bloomington, MN) placed at 10-cm soil depth (NOAA, 1989) were used to collect volumetric water content and bulk EC (EC b ) data. Soil moisture and EC b data were collected every 7 min and averaged over 1 d from day of planting to the end of establishment. Growing degree-days (GDDs) were calculated using the Baskerville-Emin equation (Baskerville and Emin, 1969) . A base temperature of 5°C was chosen for warm-season seashore paspalum and bermudagrass (Unruh et al., 1996) , and 10°C was considered appropriate for all the cool-season grasses (Branham and Danneberger, 1989) .
Grasses were seeded on 3 Sept. 2009 and on 15 Mar. 2010. Before seeding, main blocks were rototilled and hand-raked to achieve a level and uniform seed bed and Milorganite Ò organic fertilizer (Milorganite, Milwaukee, WI) was applied at a rate of 2.5 g N/m 2 . After fertilizing and seeding, plots were again hand-raked several times from different directions to cover the seed with soil. Grasses were seeded at the manufacturers' recommended rates for uncoated seeds and are based on Pure Live Seed. Seeding rate for coated seeds was adjusted to match seed number of uncoated seed (Table 4) . Seed emergence was assessed visually 30 d after seeding (DAS), on 3 Oct. 2009 on plots seeded in fall, and on 14 Apr. 2010 on plots seeded in spring. Germination ratings were taken across the entire split plot on a scale of 0 to 3 (0 = no emergence to 3 = complete emergence) . During establishment plots were fertilized monthly at a rate of 5 g N/m 2 from a complete 15N-15P-15K fertilizer. Plots were mowed weekly at 5 cm height starting on 29 Mar. 2010 for the plots seeded on Fall 2009 and on 24 May 2010 for the plots seeded on Spring 2010. Weeds were removed manually throughout the research period.
Turfgrass establishment was assessed by digital image analysis. Beginning on 23 Nov. 2009 for the fall seeding and on 10 May 2010 for the spring-seeded plots, two digital images were taken of each plot every 14 d. Images were taken using a Canon A570is (Canon Inc., Tokyo, Japan) camera housed in a light box equipped with four 9-W lamps to provide equal and uniform lighting conditions (Ikemura, 2003) . Turf coverage was determined from the digital images using SigmaScan Ò Pro 5 (Systat Software Inc., San Jose, CA) following methods described by Richardson et al. (2001) . Total coverage of each plot was based on the mean value obtained from the two digital images.
A scatterplot of percent coverage vs. DAS revealed a non-linear relationship between the two variables. A sigmoidal association (Busey and Myers, 1979; Leinauer et al., 2010; Schiavon et al., 2012) was found to best describe establishment of the turf plots. With this model, establishment begins at zero, increases first slowly, then rapidly, and progresses asymptotically toward a maximum cover. Establishment was considered successful when 95% cover was reached. Sigmoidal models were subsequently used to calculate DAS and GDD needed to reach 50% and 95% of green cover for each replicate separately. All data were subjected to analysis of variance using SAS Proc Mixed (SAS Institute, Inc., Cary, NC) followed by multiple comparison of means using Fisher's protected least significant difference at the probability level of 0.05.
Results and Discussion
Emergence. Initial analysis of seedling emergence data revealed a significant fourway interaction among coating treatment, grass species, water quality, and seeding date (data not shown). Results were subsequently reanalyzed separately for each seeding date (Table 5) . Neither seed coating nor any of the interactions between coating and the other treatments significantly affected seedling emergence when grasses were seeded in the fall (Table 5) . However, a significant interaction between water quality and grasses was detected for fall-seeded grasses. For grasses seeded in spring, seedling emergence was affected by an interaction among grasses, water quality, and seed coating (Table 5) .
Of all the grasses seeded in the fall, Bargusto bermudagrass exhibited greater emergence under saline irrigation than under potable water (Table 6 ). Water quality did not affect seedling emergence in any of the other grasses (Table 6 ). These results support findings of Johnson et al. (2007) and Serena et al. (2012) , who reported that final germination of turfgrasses was not reduced by irrigation salinity values of 2.2 and 3.0 dS · m -1 . Generally, when grasses were seeded in spring under saline irrigation, coating did not negatively affect seedling emergence. In fact, perennial ryegrass emergence from coated seed was greater than from uncoated (Table 6) . Serena et al. (2010) also documented higher germination rates for coated vs. uncoated perennial ryegrass when seeds were exposed to water with 2.2 dS · m -1 of salinity. All other grasses showed no difference in emergence between coated seeds combined with saline irrigation and coated seeds irrigated with potable water (Table 6) . Warm-season bermudagrass and seashore paspalum emerged 30 DAS in fall but not in spring (Table 6 ). This can be explained by higher soil temperatures in September compared with March and April (Table 1) , which promoted rapid seed emergence in fall but not in spring. Of the cool-season grasses tested, more perennial ryegrass and tall fescue seedlings emerged 30 DAS than did kentucky bluegrass seedlings for both seeding dates (Table 6) . Under potable irrigation, coated tall fescue seeds exhibited greater emergence and coated perennial ryegrass seeds had lower emergence compared with their uncoated counterparts. Coating had no effect on emergence of kentucky bluegrass. These results support those of Leinauer et al. (2010) who reported no difference in emergence between coated and uncoated seed in either kentucky bluegrass or tall fescue under two deficit irrigation treatments. However, results vary among different germination and emergence studies. Richardson and Hignight (2010) found no difference in emergence between coated and uncoated tall fescue but greater emergence for coated kentucky bluegrass when potable water was used for establishment. Zhang et al. (2011) found greater germination in coated bluegrass seeds when saline water was used, whereas Serena et al.
(2012) documented a negative effect of a coating treatment on the germination of kentucky bluegrass. These conflicting findings indicate that there is no consistent trend in the effect of seed coating on germination or seedling emergence in grasses. Moreover, comparing controlled environment tests Zhang et al., 2011) with our field emergence results indicates that results obtained from growth chamber or greenhouse germination experiments are not always good predictors of seedling emergence in the field. Establishment. As concluded in other studies (Busey and Myers, 1979; Leinauer et al., 2010; Schiavon et al., 2012) , we found that a sigmoidal model best described establishment of the cool-and warm-season grasses tested. When percent groundcover was plotted against DAS, the coefficients of determination for each replicate ranged from 0.94 to 1 for fall seeding and from 0.89 to 1 for spring seeding. Analysis of variance revealed that the interaction between grass species and seeding date significantly affected DAS50 and DAS95 (Table 5) . Seed coating had a significant effect on DAS50 but not on DAS95 (Table 5 ). Moreover, the interaction between seeding date and water quality was significant for DAS95 but not for DAS50 (Table 5) .
Grasses differed in the number of days required to reach 50% and 95% coverage on both seeding dates. Among all grasses established during Fall 2009, bermudagrass and seashore paspalum required the greatest number of DAS to reach both 50% and 95% of coverage (Fig. 2) . When seeded in the fall, tall fescue and kentucky bluegrass needed a similar number of DAS50; however, kentucky bluegrass reached 95% coverage faster than tall fescue. These results differ from those of St. John et al. (2009) who reported that establishment of kentucky bluegrass was slower than that of tall fescue when seeded in the fall. Perennial ryegrass needed the fewest DAS50, but DAS95 was not different from those needed by kentucky bluegrass (Fig. 2) . Loschinkohl and Boehm (2001) also found no difference in groundcover between perennial ryegrass and kentucky bluegrass when established from seed in the fall. In contrast, Newell (1997) reported that perennial ryegrass seeded in November was the fastest grass to establish among several cool-season grasses. Spring-seeded perennial ryegrass also needed the fewest number of DAS50 but reached 95% coverage within a similar number of days as tall fescue (Fig. 2) .
Fall seeding of bermudagrass and seashore paspalum was applied too early to be considered dormant seeding Shaver et al., 2006) . Seed emergence was observed 30 DAS and seedlings were unaffected by winter temperatures because establishment resumed in the spring. Fallseeded bermudagrass and seashore paspalum reached 95% coverage at the same time (end of July). Seashore paspalum required 24 more days to reach 95% coverage than bermudagrass when seeded in spring. These results are different from Schiavon et al. (2012) and Serena et al. (2008) who found Table 5 . Results of analysis of variance testing the effects of water quality, grasses, seed coating, and their interactions on seed emergence and days after seeding (DAS) and growing degree-days (GDD) to reach 50% (DAS50, GDD50) and 95% (DAS95, GDD95) of ground coverage. Emergence data were analyzed separately for fall and spring seeding; therefore, no analysis of variance results including seeding date are presented. *Significant F test at the 0.05 level of probability. **Significant F test at the 0.01 level of probability. ***Significant F test at the 0.001 level of probability. NS = Nonsignificant at the 0.05 P level. Table 6 . Turfgrass emergence (on a scale of 0 to 3 with 0 = no emergence and 3 = visible emergence across the entire plot) 30 d after seeding of turfgrasses seeded either in fall or in spring. both warm-season grasses establishing equally fast when seeded in spring.
Generally, all species established faster when seeded in spring vs. fall (Fig. 2) . Wilhelm et al. (2010) also found that kentucky bluegrass established faster when seeded in spring compared with fall. However, Fiorio et al. (2012) and Reicher et al. (2000) reported faster cool-season establishment in fall compared with spring in transitional-humid and temperate Mediterranean climate zones, respectively. These conflicting results emphasize the need for regional studies to determine optimal seeding dates, because one single optimal seeding date for cool-season grasses does not apply across different climate zones.
In the current study, irrigation with saline water did not increase soil salinity to a level that affected early establishment, which is indicated by a lack of significant water quality main effects or of significant interactions with all other effects on DAS50 (Table 5 ). The assumption that soil salinity would increase over time when irrigation is applied with saline water was not confirmed during early establishment in fall. Instead, irrigation at ET 0 replacement level and several rainfall events resulted in EC b decreasing between Sept. 2009 and Feb. 2010 (Table 1 ; Fig. 1 ). Moreover, soil chemical analyses conducted on samples taken from a depth of 0 to 10 cm indicated that EC values remained unchanged from September to February and SAR increased slightly over the same period (Table 2) .
Analyses of variance revealed that the interaction between seeding date and water quality significantly affected DAS95 (Table 5) . Saline water did not affect establishment when grasses were sown in fall (Fig. 3) . However, plots established in spring and irrigated with saline water reached 95% coverage 26 d faster (154 DAS) than plots irrigated with potable water (180 DAS) (Fig. 3) . Johnson et al. (2007) and Schiavon et al. (2012) also documented faster establishment of warm-season grasses in spring and summer when saline water was used for irrigation. However, Wilhelm et al. (2010) found that saline irrigation water (EC 3.1 dS · m -1 ; SAR 2.1) negatively affected the establishment of both spring-and fall-seeded kentucky bluegrass. Contrary to the changes of soil salinity during late fall and winter, lack of natural precipitation and increasing irrigation amounts during spring and early summer of 2010 (Table 1 ) resulted in increasing root zone salinity (EC b ) from February to June (Fig. 1) . These data are confirmed by soil test results, which also showed higher EC and SAR in June than in February for both potable and salineirrigated plots (Table 2 ). Highest EC b was measured in June (Fig. 1 ) on plots irrigated with saline water and corresponded with a saturated paste root zone EC and SAR of 2.24 and 6.42 (Table 2) . However, these levels had no negative effect on the establishment of the tested warm-and cool-season turfgrasses. These findings are supported by Wilhelm et al. (2010) for tall fescue but not for kentucky bluegrass. The authors reported a soil EC of slightly above 4 and a SAR of 3 to have no effect on the establishment of tall fescue but delayed establishment of kentucky bluegrass.
The GDD model used in this study did not account for the differences in air temperature between fall and spring and more research is needed to investigate whether such models can be used to predict establishment over different climatic conditions, different grasses, and different water and soil salinities. The analyses of variance revealed that the interaction between seeding date and grass had a significant effect on both GDD50 and GDD95 and that GDD95 was significantly affected by the interaction between seeding date and water quality (Table 5 ; Fig. 3) . Regardless of the seeding date, turfgrasses irrigated with potable water required more GDD to reach 95% cover than grasses irrigated with saline water (Fig. 3) .
With the exception of perennial ryegrass, all cool-season grasses seeded in spring required more GDD50 and GDD95 than when seeded in fall (Table 7) . Seeding date did not affect GDD required to reach 50% cover for perennial ryegrass (Table 7) . In contrast to results obtained for cool-season grasses, warmseason bermudagrass and seashore paspalum seeded in spring required fewer GDD50 and GDD95 than when seeded in fall (Table 7) . Shahba and Qian (2008) also reported that the number of GDD required by inland saltgrass [Disticlis spicata var. stricta (L.) Greene] to reach 80% coverage varied depending on establishment locations, seeding rates, and seeding dates. Our finding also concur with those of Schiavon et al. (2012) who reported that GDD based on soil temperature needed to establish bermudagrass and seashore paspalum differed depending on whether they were seeded in March or June and on whether they were irrigated with saline or potable water.
Our results indicate that seed coating does not negatively affect emergence or overall establishment of turfgrass seeds irrigated with saline water of a salinity level that matches reclaimed water. Although seed coating appeared to negatively affect early rates of establishment (less than 50% cover), days needed to reach 95% groundcover did not differ between coated and uncoated seed regardless of seeding date or water quality. Irrigation in amounts greater than ET 0 replacement may have compensated for the lower moisture retention of the uncoated seed.
Germination studies conducted in controlled environments appear to be poor predictors of turfgrass establishment under field conditions. Although our emergence results Values are averaged over five grasses (bermudagrass, kentucky bluegrass, perennial ryegrass, seashore paspalum, and tall fescue), two seed treatments (coated and uncoated), and three replications. Bars followed by the same letters [separately for DAS (lower case letters) and GDD (upper case letters)] are not significantly from one another (Fisher's protected least significant difference, a = 0.05). Values represent an average of 12 data points and are pooled over two seed coating treatments (coated and uncoated), two water qualities (potable and saline), and three replicates. y Values followed by the same letter (separately for GDD50 and GDD95) are not significantly different from one another (Fisher's protected least significant difference at a = 0.05).
for fall-seeded warm-and cool-season grasses and for spring-seeded cool-season grasses are supported by growth chamber germination studies conducted by Serena et al. (2012) , establishment rates of cool-season grasses differ. Although kentucky bluegrass had the lowest germination rates of all tested grasses in the growth chamber study, it established equally fast to perennial ryegrass in fall and to tall fescue in spring. More research is needed to investigate whether such results hold true over a wider range of turfgrass species and varieties and also in different climate zones.
Soil salinity measured over the course of this investigative period did not affect overall plant development. If irrigation during establishment is applied in amounts greater than ET 0 replacement, treated effluent water can be used to establish turf areas for both fall and spring seeding. More field trials are needed to determine salinity thresholds under which establishment of cool-and warm-season grasses are negatively affected under varying climate conditions.
The GDD model did not account for the variation in temperatures between fall and spring seeding and produced different GDD for the two seeding periods. Higher air temperatures in late spring and early summer compared with late fall resulted in greater daily thermal units and comparatively faster growth for both warm-and cool-season grasses. Nonetheless, establishment of coolseason grasses at our test site (USDA plant hardiness zone 8) did not cease during the winter, and plots seeded in fall reached 95% coverage earlier in 2010 than plots seeded in spring. Our results indicate that fall seeding will result in earlier establishment in the subsequent year, which will have the turf area ready sooner for its intended purpose.
